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Over sixty million J/ip events have been collected by the BES Col- 
laboration at the Beijing Electron-Positron Collider (BEPC). J /ip decays 
provide an excellent place for studying excited nucleons and hyperons - 
, N* , A*, S* and S* resonances, as well as meson resonances, including pos- 

(****) ■ sible glueballs and hybrids. Physics objectives, recent results and future 

"^j | prospects of light hadron spectroscopy at BEPC are presented. 

Qh! PACS numbers: 13.25Gv, 14.40Cs, 14.20Gk, 13.65+i 

1. Introduction 

X' 

5_i ■ The Institute of High Energy Physics at Beijing runs an electron-positron 

collider (BEPC) with a general purpose solenoidal detector, the BEijing 
Spectrometer (BES)[j|], which is designed to study exclusive final states in 
e + e~ annihilations at the center of mass energy from 2000 to 5600 MeV. 
In this energy range, the largest cross sections are at the J/ip(3097) and 
V>'(3686) resonant peaks. Up to now, the BES has collected about 65 mil- 
lion J ftp events and 18 million ip' events. From J/ip and ip' decays, both 
meson spectroscopy and baryon spectroscopy can be studied. 

Three main processes which play very important role for the light hadron 
spectroscopy are ip hadronic decay into baryons and anti-baryons, ip radia- 
tive decay, and if) hadronic decay into mesons. In the following three sec- 
tions, I will outline the physics objectives and summarize recent results for 
each of them. Future prospects are given in the final section. 
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2. N* and hyperons from J/ip decays 

Baryons are the basic building blocks of our world. If we cut any piece 
of object smaller and smaller, we will finally reach the nucleons, i.e., the 
lightest baryons, and we cannot cut them smaller any further. So without 
mention any theory, we know that the study of baryon structure is at the 
forefront of exploring microscopic structure of matter. From theoretical 
point of view, since baryons represent the simplest system in which the 
three colors of QCD neutralize into colorless objects and the essential non- 
Abelian character of QCD is manifest, understanding the baryon structure 
is absolutely necessary before we claim that we really understand QCD. 

Spectroscopy has long proved to be a powerful tool for exploring internal 
structures and basic interactions of microscopic world. Ninety years ago de- 
tailed studies of atomic spectroscopy resulted in the great discovery of Niels 
Bohr's atomic quantum theory Q. Forty to sixty years later, still detailed 
studies of nuclear spectroscopy resulted in Nobel Prize winning discoveries 
of nuclear shell model|| and collective motion modelQ by Aage Bohr et aJ. 
Comparing with the atomic and nuclear spectroscopy at those times, our 
present baryon spectroscopy is still in its infancy ||. Many fundamental is- 
sues in baryon spectroscopy are still not well understood ||. The possibility 
of new, as yet unappreciated, symmetries could be addressed with accumu- 
lation of more data. The new symmetries may not have obvious relation 
with QCD, just like nuclear shell model and collective motion model. 

Joining the new effort on studying the excited nucleons, N* baryons, at 
new facilities such as CEBAF at JLAB, ELSA at Bonn, GRAAL at Greno- 
ble and SPRING8 at JASRI, we also started a baryon resonance program 
at BES0], at Beijing Electron-Positron Collider (BEPC). The J/ifj and V' 
experiments at BES provide an excellent place for studying excited nucle- 
ons and hyperons - ./V*, A*, S* and H* resonances The corresponding 
Feynman graph for the production of these excited nucleons and hyperons 
is shown in Fig. |l] where tp represents either J/ip or rp' ' . 




Fig. 1. pN*, AA*, EE* and production from e + e collision through ip meson. 
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Comparing with other facilities, our baryon program has advantages in 
at least three obvious aspects: 

(1) We have pure isospin 1/2 irN and ttttN systems from J/ip — > NNir 
and NNittt processes due to isospin conservation, while ttN and ttttN sys- 
tems from irN and 7./V experiments are mixture of isospin 1/2 and 3/2, and 
suffer difficulty on the isospin decomposition; 

(2) t/j mesons decay to baryon-antibaryon pairs through three or more 
gluons. It is a favorable place for producing hybrid (qqqg) baryons, and 
for looking for some "missing" N* resonances which have weak coupling to 
both ttN and yN, but stronger coupling to g 3 N; 

(3) Not only N*, A*, E* baryons, but also H* baryons with two strange 



quarks can be studied. Many QCD-inspired models |9], 10 1 are expected to 
be more reliable for baryons with two strange quarks due to their heavier 
quark mass. More than thirty S* resonances are predicted where only two 
such states are well established by experiments. The theory is totally not 
challenged due to lack of data. 

BES started data-taking in 1989 and was upgraded in 1998. The up- 
graded BES is named BESII while the previous one is called BESI. BESI 
collected 7.8 million J/ip events and 3.7 million tp' events. BESII has col- 
lected 58 million J/ip events. 




MpK mass(GeV/c ! ) Mpq m ass(GeWS) 



Fig. 2. left: pir° invariant mass spectrum for J/ip — > ppir°; right: pi] invariant mass 
spectrum for J/ijj — > pprj. BESI data 

Based on 7.8 million J/tp events collected at BESI before 1996, the events 
for J/ip — s- ppir and ppr] have been selected and reconstructed with ir° and rj 
detected in their 77 decay mode[0]. The corresponding pir and pry invariant 
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mass spectra are shown in Fig. || with clear peaks around 1500 and 1670 MeV 
for pn and clear enhancement around the pr\ threshold, peaks at 1540 and 
1650 MeV for pr]. Partial wave analysis has been performed for the J/ip — > 
pprj channel using the effective Lagrangian approach |ll], |l2[ with Rarita- 
Schwinger formalism Jl3|, |14| , 15, 16| and the extended automatic Feynman 
Diagram Calculation (FDC) package) 17]. There is a definite requirement for 
a J p = \~ component at M = 1530 ± 10 MeV with T = 95 ± 25 MeV near 
the rjN threshold. In addition, there is an obvious resonance around 1650 
MeV with J p = \~ preferred, M = 1647 ± 20 MeV and T = 145lfg MeV. 
These two N* resonances are believed to be the two well established states, 
511(1535) and Sii(1650), respectively. In the higher pq{pq) mass region, 
there is a evidence for a structure around 1800 MeV; with BESI statistics 
we cannot determine its quantum numbers. 




Fig. 3. left: missing mass spectrum against pn for J/ip — > npn ; right: pit &n7r 
invariant mass spectrum for J/ip — > hpn~ . Preliminary BESII data 



With 58 million new J ftp events collected by BESII of improved detect- 
ing efficiency, we have one order of magnitude more reconstructed events for 
each channel. We show in Figs.[| and [| preliminary results for J/ip — > pn-K~ 
and J/ip — > pK~A + h.c. channels, respectively. 

For J/ip — » pnir~ channel, proton and tt~ are detected. With some cuts 
of backgrounds, the missing mass spectrum shows a very clean peak for the 
missing antineutron with negligible backgrounds; The Nir invariant mass 
spectrum of 28,904 reconstructed events from half BESII data looks similar 
to the p-K invariant mass spectrum for J/ip — > pfm® as in Fig. ||, but with 
much higher statistics. Besides two very clear peaks around 1500 and 1670 
MeV, the peak around 2020 MeV becomes clearer. This could be a "missing" 
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Fig. 4. left: pK invariant mass spectrum for J/tp — > pKA; right: KA invariant 
mass spectrum for J/tp — » pKA. Preliminary BESII data 



N*. For the decay J/?/? — > AW* (2020), the orbital angular momentum of 
L = is much preferred due to the suppression of the centrifugal barrier 
factor for L < 1. For L = 0, the spin-parity of A r *(2020) is limited to be 
1/2+ and 3/2+. This may be the reason that the iV*(2020)3/2+ shows up 
as a peak in J/tp decays while no peak shows up for irN invariant mass 
spectra in irN and jN production processes which allow all 1/2+ , 3/2+ , 
5/2+ and 7/2+ N* resonances around 2.02 GeV to overlap and interfere 
with each other there. 

For J/tp — > pK~A and pK + A channels, there are clear A* peaks at 1.52 
GeV, 1.69 GeV and 1.8 GeV in pK invariant mass spectrum, and ./V* peaks 
near KA threshold and 1.9 GeV for KA invariant mass spectrum. The 
SAPHIR experiment at ELSA[18, 19| also observed a N* peak around 1.9 
GeV for KA invariant mass spectrum from photo-production. 

We are also reconstructing J/tp — > ppu, pKT,, ppir + ir~ and other chan- 
nels. Partial wave analyses of various channels are in progress. 



3. J/tp radiative decays 

There are three main physics objectives for J/tp radiative decays: 
(1) Looking for glueballs and hybrids. As shown in Fig. H after emitting 
a photon, the cc pair is in a C = +1 state and decays to hadrons dominantly 
through two gluon intermediate states. Simply counting the power of a s we 
know that glueballs should have the largest production rate, hybrids the 
second, then the ordinary qq mesons. 
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Fig. 5. V' radiative decays to (a) glueball, (b) hybrid, and (c) qq meson. 



(2) Completing qq meson spectroscopy and studying their production 
and decay rates, which is crucial for understanding their internal structure 
and confinement. 

(3) Extracting gg <-> qq coupling from perturbative energy region of 
above 3 GeV to nonperturbative region of 0.3 GeV. This may show us some 
phenomenological pattern for the smooth transition from perturbative QCD 
to strong nonperturbative QCD. 

Up to now, we have mainly worked on glueball searches. One thing 
worth noting is that the J ftp radiative decay has a similar decay pattern as 
h , ++ and 2 ++ charmoniums, i.e., rj c , XcO and Xc2, as it should be, since 
all of them decay through two gluons. The 47r, KKttit, r/TTir and KKir seem 
to be the most favorable final states for the two gluon transition at 1 ~ 3 
GeV. The branching ratios for J/tp radiative decay to these four channels 
are listed in Table The sum of them is about half of all radiative decays. 
If glueballs exist, they should appear in these four channels. Therefore BES 
Collaboration has performed partial wave analyses (PWA) of these four 
channels[20, 21, p3| based on BESI data. The main results have been 
summarized in Ref. |25|| . Mesons with large branching ratios in the J/ip 
radiative decays are a very broad r/(2190) for '", a broad /2(1950) for 
2++, / (1500), / Q (1710-1770) and / (2100) for 0++. 

Table 1. Branching ratios for the four largest J/'J' radiative decay channels 
(BRxlO 3 ) 



747T 






jKKlTTY 




jKKtt 


14.4 ±1.8 | 


24 


} 9.5 ± 2.7 | 


21 


| 6.1 ± 1.0 |] 


6.0 ±2.1 [23 


1 



With BESII data, all signals become clearer. For example, Fig. [6| shows 
the comparison of BESI and BESII data for J/ip — > 77r + 7r~7r + 7r~. For 
BESII data, we have performed partial wave analysis for the ^KK and 
77r + 7r~ channels[26], where the main result is that /j(1710) peak in these 
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Fig. 6. Comparison of BESI (left) and BESII data (right) for J/ip -> 771-+ 7r~ ir+ vT 



channels is definitely due to a ++ particle. 



4. J /ip hadronic decays to mesons 

There are mainly two physics objectives here: 

(1) Looking for hybrids. Since ip decays to hadrons through three gluons, 
final states involving a hybrid as shown in Fig. f?](a) are expected to have 
larger production rate than ordinary qq mesons as shown in Fig. ^(b,c). 

(2) Extracting uu + dd and ss components of associated mesons, M, via 
^ — > M + as shown in Fig. ^(b,c). 




(a) 




OJ 



c 
c 



M 



(c) 



Fig. 7. ip hadronic decays to (a) hybrids, (b) ss, and (c) nn = -^(uu + dd) mesons. 

In order to look for isoscalar 1 ^ hybrid Cj decaying to 4-7T, we have 
studied J/ij) — > a;7r + 7r _ 7r + 7r _ process] 27 1. A peak around 1.75 GeV in the 
47T invariant mass spectrum is visible. But due to low statistics, no PWA is 
performed. No other structure is observed. 

To investigate the uu+dd and ss components of mesons, we have studied 
J/ip — > cJ7r + 7r _ , ujK + K~, <pTT + TT~ and (pK + K~ channels. The invariant 
mass spectra for these channels are shown in Fig. ^ and Fig. ||, which are 
similar to the previous ones by MARKIII and DM2 Collaborations, but 
with much higher statistics. 
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Fig. 8. left: irir invariant mass spectrum for J/tp — > ujtt + tt ; right: K + K invariant 
mass spectrum for J/tp — > cuK + K~ . Preliminary BESII data 
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Fig. 9. left: -k-k invariant mass spectrum for J/ip — > (pir + Tr ; right: K + K invariant 
mass spectrum for J /ip — > <fiK + K~ . Preliminary half BESII data 



For J/tp — > cj7t + 7t _ , there are two clear peaks at 500 MeV and 1275 
MeV in the 2tt mass spectrum corresponding to the a and the /2(1275), 
respectively |28|1 . For J/tp — > ujK + K~, there is a threshold enhancement 
due to the /o(980) and a clear peak at 1710 MeV probably due to the 
/o(1710). 

Preliminary results|^8[ of partial wave analyses indicate that (1) in the 
7T7T mass spectrum of the J/tp — > (pTr + ir~ process all three peaks at 980 
MeV, 1330 MeV and 1770 MeV are dominantly ++ ; (2) in the KK mass 
spectrum of the J/tp -> <pK + R- the peak at 1525 MeV is due to Z^ 1525 ) 
while the KK threshold enhancement and the shoulder around 1700 MeV 
are due to /o(980) and /o(1710), respectively. 
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In summary, the a and /2(1275) appear clearly only in the J/^> — > W + A 
process, the /2(1525) appears clearly only in the J/vl/ — > + A process, and 
/o(980) and /o(1710-1770) appear clearly in both processes. 

5. Future prospects 

We are now working on the 58 million J /ip events collected with BESII 
detector in the years from 1999 to 2001. Physics results on various channels 
of iV* and meson production are expected to be published in near future. 

We have been taking V'(3686) data since last year and hope to reach 
more than 20 million ip' events in next year. The data of ip 1 decays will 
extend our study on N* and meson resonances to a broader energy range. 

A major upgrade of the collider to BEPCII is planned to be finished in 
about 4 years. A further two order of magnitude more statistics is expected 
to be achieved. Such statistics will enable us to perform partial wave anal- 
yses of plenty important channels for both meson spectroscopy and baryon 
spectroscopy from the J/ip and ip' decays. We expect BEPCII to play a 
very important role in many aspects of light hadron spectroscopy, such as 
hunting for the glueballs and hybrids, extracting uu + dd and ss components 
of mesons, and studying excited nucleons and hyperons, i.e., A*, A*, S* and 
E* resonances. 
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